Lipopolysaccharide-mediated macrophage activation: the role of calcium in the generation of tumoricidal activity.
As we have reported, calcium ionophore A23187 activates macrophages for tumor cell killing, and the activated macrophages produced a soluble cytotoxic factor (M phi-CF) that is similar, if not identical, to tumor necrosis factor. Based on these observations, we have investigated whether calcium is involved in the activation mediated by another potent macrophage activator, namely lipopolysaccharide (LPS). We first showed that A23187 caused uptake of extracellular calcium-45 by macrophage monolayers, whereas LPS did not. Because in this system rapid changes would not have been detected, several other approaches also have been used. We have examined the effect of depleting extracellular calcium by using medium containing no added calcium, supplemented with 1 mM EGTA. In no case did depletion result in decreased M phi-CF production by LPS-treated macrophages. Measurements using the fluorescent intracellular calcium indicator Quin 2 have also been performed. The calcium ionophore ionomycin caused a rapid change in the intracellular Quin 2 signal. LPS, even at a concentration in vast excess of that required to activate the macrophages, caused no change in the signal during a 2-hr period. If the macrophages were loaded with high doses of Quin 2 or another intracellular chelator, TMB-8, M phi-CF production decreased and cytotoxic activity was impaired. These data indicate that one or more of the processes involved in M phi-CF production does require calcium, but that activation mediated by LPS occurs without the influx of extracellular calcium or redistribution of intracellular calcium.